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Summary
Background.— In daily cardiology practice, porters are usually required to transfer inpatients
who need an echocardiogram to the echocardiographic department (echo-lab).Echoscopy;
Sonographers
Aims.— To assess echo-lab personnel workﬂow and patient transfer delay by comparing the use
of a new, ultraportable, echoscopic, pocket-sized device at the bedside with patient transfer to
the echo-lab for conventional transthoracic echocardiography, in patients needing pericardial
control after cardiac invasive procedures.
Methods.— After validation of echoscopic capabilities for pericardial effusion, left ventric-
ular function and mitral regurgitation grade compared with conventional echocardiography,
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we evaluated echo-lab personnel workﬂow and time to perform bedside echoscopy for peri-
cardial control evaluation after invasive cardiac procedures. This strategy was compared with
conventional evaluation at the echo-lab, in terms of personnel workﬂow, and patients’ transfer,
waiting and examination times.
Results.— Concordance between echoscopy and conventional echocardiography for evaluation
of pericardial effusion was good (0.97; kappa value 0.86). For left ventricular systolic func-
tion and mitral regurgitation evaluations, concordances were 0.96 (kappa value 0.90) and 0.96
(kappa value 0.86), respectively. In the second part of the study, the mean total time required in
the bedside echoscopy group was 20.3± 5.4mins vs. 66.0± 16.4mins in the conventional echo-
lab group (p < 0.001). The echo-lab strategy needed porters in 100% of cases; 69% of patients
needed a wheelchair.
Conclusion.— The use of miniaturized echoscopic tools for pericardial control after invasive
cardiac procedures was feasible and accurate, allowing improvement in echo-lab workﬂow and
avoiding patient waiting time and transfer.
© 2011 Elsevier Masson SAS. All rights reserved.
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Résumé
Prérequis.— En pratique cardiologique, il est souvent indispensable de transférer les patients
hospitalisés au laboratoire d’échocardiographie.
Objectifs.— Évaluer le travail du personnel du service d’échocardiographie et le temps de trans-
fert des patients au cours d’une stratégie utilisant un nouvel appareil échoscopique miniaturisé,
au lit des patients nécessitant un contrôle du péricarde, après une procédure cardiaque invasive,
en comparaison au transfert des patients pour une échocardiographie conventionnelle.
Méthodes.— Après une première étape de validation des capacités de l’échoscopie dans
l’épanchement péricardique, la fonction ventriculaire gauche (VG) et le grade d’insufﬁsance
mitrale, nous avons évalué l’amélioration en terme de personnel mobilisé, de temps de transfert
et de temps d’attente, obtenue grâce à l’échoscopie au lit du patient pour contrôle du péricarde
après procédures cardiaques invasives en comparaison à l’évaluation conventionnelle.
Résultats.— La concordance entre échoscopie et échocardiographie conventionnelle pour
l’évaluation du péricarde était bonne (0,97 avec kappa = 0,86). Pour la fonction systolique VG et
l’évaluation de l’insufﬁsance mitrale, les concordances étaient de 0,96 et 0,96 (kappa = 0,90 et
0,86), respectivement. Le temps total moyen requis pour réaliser l’échoscopie au lit du patient
était de 20,3± 5,4minutes alors qu’il était de 66,0± 16,4minutes dans le groupe échocardio-
graphie conventionnelle (p < 0,001). La stratégie conventionnelle a nécessité des brancardiers
dans 100% des cas (fauteuil roulant 69 % des cas).
Conclusion.— L’utilisation de machines miniaturisées d’échoscopie pour le contrôle du péri-
carde après procédures cardiaques invasives, est faisable, ﬁable, permet d’améliorer le
fonctionnement du laboratoire d’échocardiographie et évite aux patients le temps d’attente
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rganization of echocardiographic departments (echo-labs)
n cardiological institutions has become a real problem due
o the dramatic reduction in human resources while demand
ontinues to increase. Porters are usually required to trans-
er inpatients who need an echocardiogram to the echo-lab,
articularly after invasive cardiac or surgical procedures.
his is a major cause of patient discomfort and is time
onsuming in terms of human resources [1] for what is a
imited, targeted echocardiographic evaluation that is prin-
ipally focused on the pericardium and left ventricular (LV)
unction in such patients.Due to improvements in electronic technology, portable
quipment has been developed for the past 10 years [2—7].
owever, these devices have a variety of limitations (insuf-
cient image quality, size and width or battery autonomy)
d
ﬁ
p
gs droits réservés.
nd are difﬁcult to implement in the echo-lab workﬂow.
n important effort has been made recently to miniaturize
ltrasound systems, which has yielded a generation of gen-
inely pocket-sized ultrasound devices that have grayscale
maging and colour Doppler capabilities (Figs. 1 and 2). As
result of this ultimate portability without degradation of
mage quality, the performance of echoscopic evaluation
irectly at the patient’s bedside appears to be feasible for
imited diagnostic issues.
We hypothesized that integration of an echoscopic
pproach in an echo-lab with delocalized evaluation at
he bedside would improve workﬂow and reduce inpatient
iscomfort without a loss of quality in terms of medical
iagnosis. Therefore, we designed this study with two aims:
rst, to verify that echoscopic evaluation of targeted end-
oints such as pericardial effusion, mitral regurgitation (MR)
rade and LV function was similar to that obtained with
Bedside echoscopy
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aFigure 1. Image of the pocket ultrasound device (VSCAN; General
Electric Inc., Milwaukee, WI, USA).conventional echocardiographic systems; and second, to
compare a bedside delocalized strategy with a conventional
one (within the echo-lab) based on variables such as use of
human resources, transfer and waiting times, and patient
comfort.
Figure 2. VSCAN echoscopic evaluation by a certiﬁed sonogra-
pher.
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ethods
he two parts of this study took place at the University Car-
iology Hospital of Bordeaux-Pessac, which has 350 rooms
pread over six ﬂoors. The echo-lab, cardiology depart-
ents, coronary and intensive care units and cardiothoracic
urgery department are located on different ﬂoors of the
ame hospital building. In the echo-lab, 15,000 transtho-
acic echocardiography (TTE) examinations are performed
er year. All the examinations done by students or certi-
ed sonographers are reviewed by cardiologists with a high
evel of competence in TTE, using commercially available
oftware for image reviewing and reporting (ComPACS; Med-
Matic S.R.L., Genoa, Italy). The standard report and images
re stored on the hospital’s Picture Archiving and Communi-
ation System (PACS) network. This study was approved by
ur university’s ethics committee.
alidation of echoscopy capabilities compared
ith conventional echocardiography
ne hundred unselected patients referred to the Bordeaux
ardiology Hospital’s echo-lab for conventional indications
ere enrolled in the ﬁrst step of this prospective study,
o validate the use of the compact echoscopic device vs.
onventional TTE performed at the echo-lab. There were
o particular exclusion criteria. All patients underwent two
ltrasonic examinations: the ﬁrst was a standard echocar-
iographic examination performed by an expert physician;
his was followed by another cardiac evaluation using a
ocket-sized ultrasound device (VSCAN, General Electric
nc., Milwaukee, WI, USA), performed and interpreted by
blinded expert physician. All patients were informed and
ompleted a consent form prior to participation.
For the standard TTE examination, commercially avail-
ble, top-of-the-line, full-feature echocardiographic sys-
ems were used, including Sequoia 512 (Siemens Medical
olutions, Mountainview, CA, USA), IE33 (Philips Medi-
al Systems, Boston, MA, USA), and Vivid 7 (GE Medical
ystems, Milwaukee, WI, USA). Next, an evaluation was
one using the ultraportable instrument by a physician
xperienced with TTE and blinded to the results of the
tandard examination. Each physician completed a sum-
ary report that included the following evaluation criteria:
emi-quantitative LV systolic function, MR severity and
ericardial effusion. Judgment criteria were: ultrasound
indow quality, good/average/insufﬁcient; LV function,
ormal/moderate dysfunction/severe dysfunction; mitral
egurgitation, absent/mild/moderate/severe; pericardium,
ormal/slight effusion/moderate effusion/severe effusion.
omparison of bedside echoscopic evaluation
ith conventional echo-lab echocardiography
e enrolled 91 consecutive patients who headed to the
cho-lab after cardiac invasive procedures such as coronary
rtery bypass graft (CABG) or radiofrequency catheter abla-
ion (RFCA), or pericardial drainage for pericardial control.
ver 6weeks, 59 patients were included in the bedside echo-
copic evaluation group. Then, over the next 3weeks, 32
atients were included in the conventional TTE group. We
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xcluded patients with prosthetic valve surgery or plasty
ssociated with CABG (needing Doppler analysis). Demo-
raphic and clinical characteristics of the study population
nd reasons for the cardiac echo evaluation were systemat-
cally collected.
The mean judgment criterion was time spent by the
onographer for echoscopic evaluation compared with trans-
erring inpatients to the echo-lab for conventional TTE
valuation. In addition, the mode of transfer and the need
or additional personnel (such as porters) or oxygen therapy
ere noted.
For the bedside echoscopy group, we collected the sono-
rapher’s travel time between the echo-lab and the hospital
ard (return trip) for each patient, the duration of the
xamination conducted by the sonographer and the time
equired for the referent physician to control and write the
eport. For the conventional echo-lab group, we registered
he need for a porter to transfer the patients to the echo-
ab (with or without a wheelchair), the duration of transfer
from admission department to the echo-lab plus travel time
rom the echo-lab to the patient’s ward; return trip), the
ime spent by the patient in the waiting room, the duration
f the examination and the time required for the referent
hysician to control and write the report. The main objec-
ive was to compare the sonographer’s travel time in the
edside group with the transfer time plus waiting time for
atients in the echo-lab group. Each sonographer systemat-
cally ﬁlled out the same summary report as described for
he ﬁrst part of the study.
The conventional TTE examination performed in the
cho-lab was done using a high-end ultrasound scanner
Sequoia 512 [Siemens Medical Solutions, Mountainview, CA,
SA] or Vivid S6 [General Electric Medical Systems, Horten,
orway]). All patients were informed verbally and ﬁlled out
consent form. All echocardiograms were performed by
ertiﬁed sonographers (L.D.M. and R.C.) [8].
he ultraportable ultrasound device
SCAN (General Electric Medical Systems, Milwaukee, WI,
SA) is a pocket-sized ultrasound device with a unit size of
35× 73× 28mm and a transducer size of 120× 33× 26mm.
Figs. 1 and 2) The VSCAN weighs around 390 g and its dis-
lay measures 3.5 inches, with a resolution of 240× 320
ixels. The entire unit, including transducer, can ﬁt into
he pocket of a laboratory coat along with a small tube
f gel. It provides a black-and-white mode for display-
ng anatomy in real time and a colour-coded overlay for
eal-time blood ﬂow imaging. The broad-bandwidth phased
rray probe ranges from 1.7 to 3.8MHz. The device includes
lectronic callipers capable of linear measurements. There
s an auto-optimize function that automatically adjusts
ain function for all depths. Recordings were obtained
n standard parasternal, apical and subcostal views, in
lack-and-white and colour Doppler mode. All images
ere recorded on the system memory card for later
eview.tatistical analysis
tatistical analysis was carried out with the StatEl® version 2
oftware (AdScience, Paris, France). Concordances between
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on-parametric data were assessed by Cohen’s kappa test.
oncordance was deemed good when the kappa coefﬁcient
as between 0.6 and 0.8, and excellent when it exceeded
.8. Continuous values were expressed as means± standard
eviations. Comparisons between two groups for paramet-
ic data were made using the t test. Comparisons between
wo groups for qualitative data were made using the chi-
quare test or Fisher’s test for small samples. Differences
ere considered signiﬁcant at p < 0.05.
esults
alidation of echoscopy capabilities compared
ith conventional echocardiography
ne hundred patients were enrolled. Indications for
chocardiography were: dilated cardiomyopathy in 10% of
atients; ischaemic heart disease in 19%; hypertension in 5%;
ortic valve stenosis in 9%; MR in 3%; post-cardiac surgery in
2%; pericarditis in 2%; and cardiac transplantation in 7%.
ther indications were dyspnoea or chest pain, and speciﬁc
nvestigations for diabetic patients.
Using conventional equipment, image quality was ranked
s good in 72% of patients, correct in 23% and poor in 5%.
n contrast, only 63% of echoscopic images had a good qual-
ty rating, whereas only four cases were judged as having
oor window quality. Concordance for global window quality
riteria was 0.92, with a kappa value of 0.71.
Pericardial effusion was absent in 82% of cases, slight in
4%, moderate in 4% and severe in 0%. Concordance between
choscopy and conventional echocardiography for evalua-
ion of pericardial effusion was good (0.97, with a kappa
alue of 0.86).
In terms of LV function, 68% patients presented with nor-
al LV function, 17% with moderate dysfunction and 15%
ith severe LV dysfunction, with TTE. This was similar to
he results obtained with the VCSAN (71%, 16% and 13%,
espectively). For LV systolic function and MR evaluations,
oncordances were 0.96 (kappa value 0.90) and 0.96 (kappa
alue 0.86), respectively.
edside evaluation compared with
onventional echocardiography at the
cho-lab
inety-one patients were enrolled (n = 59 in the bed-
ide echoscopic group, n = 32 in the conventional echo-lab
roup). Table 1 shows their demographic and clinical char-
cteristics and how they were transported to the echo-lab.
here was no signiﬁcant difference between the two groups
oncerning age, sex and weight.
Using conventional echo-lab equipment, image quality
as ranked as good in 75% of patients, correct in 19% and
oor in 6%. Using VSCAN echoscopy, image quality was clas-
iﬁed as good in 72% of cases, correct in 22% and poor in
%.
In the bedside echoscopy group, pericardial effusion
as present in 22% of patients (10 patients had slight
ericardial effusion; three patients had moderate peri-
ardial effusion). Regarding LV systolic function, 94% of
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Table 1 Demographic and clinical characteristics of the patients.
Bedside echoscopic
group (n = 59)
Conventional echo-lab
group (n = 32)
p
Mean age (years) 62.4± 15.1 65.0± 10.5 < 0.001
Men % 74 78 0.73
Weight (kg) 80.2± 15.1 79.9± 15.2 0.92
Body mass index (kg/m2) 27.0± 4.1 27.5± 4.3 0.66
Post RFCA % 61 50 0.43
Post CABG % 27 44 0.17
Pericardial drainage % 12 6 0.49
Unable to walk (needs wheelchair) % 71 69 0.64
Deployment of porter % 0 100 < 0.001
CABG: coronary artery bypass graft; RFCA: radiofrequency catheter ablation. Values are mean± standard deviation or percentage of
patients.
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opatients had normal or preserved LV systolic function, 3%
had moderate dysfunction and 3% had severe LV dysfunc-
tion. Considering MR severity, 8.4% of patients presented
with slight MR, 5% with moderate MR and none had severe
MR.
In the echo-lab group, pericardial effusion was present
in 41% of patients (seven patients had slight pericardial
effusion; four patients had moderate pericardial effusion;
two patients had severe pericardial effusion). Regarding LV
systolic function, 91% patients had normal or preserved LV
systolic function and 9% had moderate dysfunction. Consid-
ering MR severity, 34% of patients presented with slight MR,
6% with moderate MR and none had severe MR.
Table 2 shows the different time delays with these two
strategies. The total time required to evaluate a patient in
the bedside group was 20.3± 5.4mins (95% conﬁdence inter-
val [CI] 18.9—21.7mins) compared with 66.0± 16.4mins
(95% CI 59.1—72.9mins) in the echo-lab group (p < 0.001).
In the bedside echoscopic group, the return jour-
ney to the bedside for echoscopy took the sonographer
6.8± 3.6mins per patient (95% CI 5.9—7.7mins), while
the examination duration was 7.0± 3.3mins (95% CI
6.2—7.8mins) and the time needed by the referent physi-
cian to control and write the report was 6.4± 2.2mins (95%
e
q
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Table 2 Time delays in the two strategies: bedside echoscopy
Time (minutes
Bedside echos
group (n = 59)
Patient transfer time —
Patient waiting time in echo-lab —
Patient transfer +waiting time —
Sonographer travel time 6.8± 3.6
Examination duration 7.0± 3.3
Referent physician control + report time 6.4± 2.2
Total delay 20.3± 5.4
Values are means± standard deviations.I 5.8—7.0mins). With this strategy, porters were not nec-
ssary.
In the conventional echo-lab group, carrying patients
o the echo-lab and back to their cardiology depart-
ent at the end of the examination took 18.5± 7.2mins
95% CI 15.5—21.5mins). Patients stayed in the waiting
oom for 23.0± 14.5mins (95% CI 17.0—29.0mins), the
chocardiographic study lasted for 18.5± 7.2mins (95% CI
5.5—21.5mins) and the time needed by the referent physi-
ian to control and write the report was 6.8± 1.2mins
95% CI 6.3—7.3mins). Moreover, 100% of patients required
orters, 69% were carried in a wheelchair and 9% needed
xygen therapy.
iscussion
fter demonstrating good concordance between the use
f the smallest ultrasound echoscopic device and high-end
chographic machines for simple diagnoses such as semi-
uantitation of pericardial effusion, LV systolic function and
R, this prospective study showed that echoscopic assess-
ent performed at the bedside by certiﬁed sonographers
fter CABG, RFCA or pericardial drainage, can avoid the
vs echo-lab conventional evaluation.
) p
copic Conventional echo-lab
group (n = 32)
18.1± 6.7
23.0± 14.5
41.1± 18.10 < 0.001
—
18.5± 7.2 < 0.001
6.8± 1.2 0.41
66.0± 16.4 < 0.001
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ecessity of porters (in 100% of cases) and waiting and
ransfer times for patients needing pericardial control after
ardiac invasive procedures, compared with conventional
valuation at the echo-lab.
iagnostic capabilities of portable
chocardiography and echoscopy
he capability of portable TTE to diagnose asymptomatic LV
ysfunction [9,10], abdominal aorta aneurysms not detected
y clinical examination [10], or central venous pressure lev-
ls by respiratory dynamics of the inferior vena cava [9], has
een demonstrated. The VSCAN is the smallest ever ultra-
ound device. In the ﬁrst step of this study (validation),
e observed excellent correlations between the echoscopic
evice and standard TTE for the semiquantitative evaluation
f LV function, MR and pericardial effusion.
mprovement in echo-lab workﬂow and
eduction in patient transfers by bedside echo
valuation
reviously, Badano et al. have shown, using the Vivid I
ortable machine (GE), that the use of digital echocar-
iography, certiﬁed sonographers and a miniaturized echo
ystem improved the cost-effectiveness of the service pro-
ided by the echo-lab for inpatients, and avoided patient
iscomfort arising from prolonged waiting times before and
fter the examination [11]. Ultraportable TTE with VSCAN
ay be easier to use than conventional echo machines or
he portable devices available during the hospitalization
f inpatients. Our results conﬁrmed that the use of certi-
ed sonographers and miniaturized echo systems improved
orkﬂow in the echo-lab (removing the need for porters
n 100% of patients) and avoided patient transfer and pro-
onged waiting times before and after the examination. This
aiting time is expected to be particularly painful for frail,
lderly patients, particularly after invasive cardiac proce-
ures. Furthermore, echo-labs usually also have to perform
large number of time-consuming special examinations (i.e.
chocardiograms with contrast, three-dimensional studies,
tress echocardiograms, transoesophageal echocardiograms
nd echocardiograms to aid interventional procedures) for
atients with known heart disease. A reduction in the work-
oad of the hospital porter service should also be taken into
ccount. Certiﬁed cardiac sonographers are also essential
or the effective development of this organizational model
12].
conomic considerations
n the present study, we have demonstrated that bed-
ide echoscopy removes the need for porters and reduces
equired patient time by two-thirds.
Considering this economic dimension, Badano et al. have
hown the improvement in the cost-effectiveness of the ser-
ice provided by the echo-lab for inpatients [11]. Performing
chocardiograms in the hospital ward avoided a long wait-
ng time for inpatients in the echo-lab before and after the
xamination, increased the percentage of patients exam-
ned within 3 and 5 days of the request (88 vs. 77% and 100 vs.P. Réant et al.
5%, respectively; p = 0.03), increased sonographer produc-
ivity (by 33.9%; p < 0.001), increased echo-lab productivity
by 41%; p < 0.001) and reduced the cost of echocardiograms
y 29% [11].
otential applications and perspectives
his new pocket-sized ultrasound device can be used accu-
ately in routine practice at the bedside for simple diagnoses
uch as pericardial effusion, qualitative evaluation of LV
jection fraction and morphology, vena cava diameter, etc.,
n a variety of circumstances (emergency, consultation, hos-
italization visit) by certiﬁed physicians, sonographers or
ersonnel with a certiﬁcate in echoscopy.
tudy limitations
he image quality of the pocket-sized device did not equal
hat of standard complete TTE and it does not have pulsed
nd continuous Doppler capabilities. Therefore, it should
ot replace conventional TTE performed in the echo-lab
ut is sufﬁcient in certain indications, such as after CABG,
FCA or pericardial drainage, to evaluate semiquantitatively
ericardial effusion, LV systolic function and MR severity.
ccurate measurements and evaluation with portable TTE
hould rely on experience in echocardiography. In our study,
ll analyses were performed by certiﬁed sonographers. As a
onsequence, skills in acquiring and interpreting the echo-
copic images are recommended.
The conventional TTE evaluation inclusion was stopped
t 3weeks, compared with 6weeks for bedside echoscopy
roup, because of the signiﬁcance of the results in the
ntermediate statistical analysis and because of the evident
mprovement in terms of echo-lab workﬂow. Since then, we
ave used echoscopy at the bedside after all CABGs (without
ssociated valve surgery), RFCA and pericardial drainage.
onclusion
n conclusion, the use of miniaturized echocardiographic
achines, such as the VSCAN device, avoids patient wait-
ng time before and after the examination, patient transfer
o the echo-lab and the necessity of porters.
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